ABSTRACT Background: Tiotropium improves lung function and ameliorates the annual decline in forced expiratory volume in 1 s (FEV1) after bronchodilator use in patients with mild to moderate chronic obstructive pulmonary disease (COPD). However, whether these benefits persist in patients with early-stage COPD after tiotropium discontinuation is unknown. Methods: In this prospective cohort observational follow-up study, patients who had completed the Tiotropium in Early-Stage COPD (Tie-COPD) trial were followed for a maximum of 3 years, continuing or discontinuing treatment according to their willingness. The outcomes measured were spirometry parameters, COPD exacerbations, COPD Assessment Test (CAT) scores, Clinical COPD Questionnaire (CCQ) scores, modified Medical Research Council (mMRC) scores and the use of respiratory medications. Results: Out of 376 patients, 262 (126 in the post-placebo group and 136 in the post-tiotropium group) completed the maximum 3-year follow-up after the study medication was withdrawn. After discontinuation, the decrease in FEV1 and forced vital capacity (FVC) did not differ significantly between the two groups, and neither did their annual decline. In addition, the frequency of acute COPD exacerbations and the mMRC scores were similar between the two groups after medication withdrawal. Both the mean CAT and CCQ scores were significantly lower in the post-tiotropium group than in the post-placebo group ( p<0.05 for all comparisons) at the 1-year follow-up after withdrawal, but they were not different at the next follow-up. Conclusion: Withdrawal of tiotropium treatment in early-stage COPD resulted in difference reduction of both FEV1 and FVC, indicating that treatment should be continued. This study is registered at www.ClinicalTrials.gov with identifier number NCT01455129 for Tie-COPD and at www.chictr.org.cn with identifier number ChiCTR1800017497 for post-Tie-COPD.
Introduction
Chronic obstructive pulmonary disease (COPD), a preventable and treatable disease with a high prevalence [1, 2] , accounted for 6% of all deaths globally in 2012 and is projected to be the third leading cause of death worldwide by 2020 [3, 4] . Epidemiological studies have shown that >70% of patients with COPD are in the early stage of the disease (Global Initiative for Chronic Obstructive Lung Disease (GOLD) stage I-II) [4, 5] , with limited respiratory symptoms, but a progressive decline in pulmonary function [6] [7] [8] [9] . According to the most recent epidemiological data in China, up to 92.7% of patients with COPD are in the early stages of the disease [10] .
Bronchodilator medications are central to the management of airway obstruction. In a previous study (Tiotropium in Early-Stage COPD (Tie-COPD)), we confirmed the efficacy of tiotropium in improving lung function as shown by amelioration of the annual decline in the forced expiratory volume in 1 s (FEV1) after bronchodilator use in patients with COPD GOLD stage I or II [11] . However, due to the long-term nature of COPD, whether periodic long-term treatment impacts the course of COPD remains unknown, and no clinical trials to date have conducted follow-up studies addressing this problem [12] [13] [14] [15] [16] .
Tiotropium is an inhaled anticholinergic bronchodilator with a sustained bronchodilation effect due to the prolonged dissociation from the muscarinic M 3 receptor (half-life ∼35 h) [17] . The most recent clinical trial and post hoc evidence showed that early intervention using tiotropium seems to be effective in preventing this progressive disease course [8, 11] . Post hoc evidence showed that the withdrawal of tiotropium after 1-year maintenance treatment resulted in worsening of COPD over a 3-week interval, as indicated by worsening of the transition dyspnoea index and decreases in peak expiratory flow rate and health status [18] . However, this study did not refer to spirometry data. Whether a rebound effect exists in response to tiotropium withdrawal is unknown, especially in terms of a long-term decline in lung function.
In our previous study, patients with COPD GOLD stage I or II experienced amelioration in FEV1 and an annual decline in the FEV1 after bronchodilator use following 2-year maintenance treatment with tiotropium [11] . We conducted a 3-year follow-up study to assess whether periodic long-term treatment with tiotropium impacts the lung function decline in patients with early-stage COPD.
Materials and methods

Design and study patients
This was a maximum 3-year observational follow-up study after the 2-year Tie-COPD trial in three centres in Guangdong, China. Prior to this study, the patients had completed the 2-year Tie-COPD trial between October 2011 and September 2015, receiving maintenance treatment with tiotropium or matching placebo in early-stage COPD [19] . Those patients who had completed the Tie-COPD trial were then included in a maximum 3-year observational follow-up, according to their willingness to participate. Medication was not restricted and all concomitant use of medications was recorded during the 3-year follow-up period. However, those patients who were using anticholinergics regularly were excluded from the analysis, because this study was performed mainly to observe the dynamic changes in the observation indexes after withdrawal of the study medication from the Tie-COPD trial. All follow-up work was performed independently by our research group from the State Key Laboratory of Respiratory Disease in the First Affiliated Hospital of Guangzhou Medical University (Guangzhou, China). The remaining centres provided site support only.
Procedures
During this observational follow-up period, clinical visits were scheduled at the first month following withdrawal and every 24 months thereafter. The data that were collected at each visit included symptom scores, medications, COPD exacerbation, smoking status, adverse events and spirometry parameters.
Spirometry tests were performed every 24 months at approximately the same time of day at each visit by well-trained technicians according to international standards [20] . Short-acting bronchodilators were withdrawn for ⩾6 h before spirometry was performed. Airway reversibility was assessed via bronchodilation, with inhalation of 400 μg of salbutamol 20 min after baseline spirometry.
Acute exacerbation of COPD was defined as previously described and was recorded at every visit [11] . Assessments using the modified Medical Research Council (mMRC) dyspnoea scale and quality-of-life assessments using the COPD Assessment Test (CAT) and Clinical COPD Questionnaire (CCQ) were also performed at each visit [21, 22] . In addition, self-reported smoking status, medications administered and adverse events were recorded at each visit. All criteria of the observation indicators complied with the standards of the previous Tie-COPD study [19] .
Trial oversight
The trial protocol was approved by the local institutional review board or independent ethics committee at each site according to the requirement of the Chinese guidelines for good clinical practice. All participants provided written informed consent before enrolment. Statistical analyses were performed by employees of Rundo International Pharmaceutical Research & Development (Shanghai, China). The funding sources had no role in the design, data analysis or interpretation of the results of this trial. Albuterol was purchased at full cost. The first and last authors vouch for the accuracy and completeness of the data and analyses reported and for the fidelity of the trial to the protocol. All authors approved the submission of the manuscript for publication.
Statistical analysis
Multiple linear regression was used to compare the between-group difference and the annual declines in FEV1 and forced vital capacity (FVC) before and after bronchodilator use, as well as the CAT and CCQ scores at each visit. For each follow-up visit, the measured value was the dependent variable, and covariates included the individual baseline value, baseline smoking status, treatment allocation and participating centre. For 36-60 months, the p-value was computed using the individual baseline value, smoking status across the whole follow-up, use of bronchiectasis medication, treatment allocation and participating centre as covariates. 
Results
Baseline characteristics
Out of 376 patients with GOLD stage I or II COPD who underwent randomisation in the Tie-COPD study in Guangdong, 262 patients (126 patients in the post-placebo group and 136 in the post-treatment group) completed a maximum 3-year follow-up after study medication withdrawal (figure 1). All demographic data and clinical characteristics of these patients were comparable at the baseline of the Tie-COPD study and there was no difference in the number of patients using respiratory medications or in the smoking status during and after the Tie-COPD study (table 1) .
Lung function
Although tiotropium resulted in a higher FEV1 and FVC than placebo at each visit in the Tie-COPD trial, both FEV1 and FVC decreased after discontinuation of tiotropium (figure 2 and supplementary table S1). At the first month after tiotropium withdrawal, FEV1 in the post-tiotropium and post-placebo groups was as follows: before bronchodilator use 1.89±0.02 versus 1.79±0.02 L with a difference of 0.10 (95% CI 0.04-0.16) L, p=0.0018); after bronchodilator use 1.99±0.02 versus 1.92±0.02 L with a difference of 0.07 (95% CI 0.01-0.13) L, p=0.0145). 1 year after tiotropium withdrawal, there was no significant difference in FEV1 either before or after bronchodilator use between the two groups. In the first year of withdrawal, FEV1 in the treatment and placebo groups was as follows: before bronchodilator use 1 There was no significant difference in the annual decline of FEV1 and FVC between the two groups at the Tie-COPD trial (supplementary table S2). After tiotropium withdrawal, the tiotropium treatment group showed no difference in the annual decline of FEV1 before and after bronchodilator use compared with the placebo group (before bronchodilator use 21±20 versus 31±21 mL·year −1 with a difference of 10 mL·year 
Acute exacerbations of COPD
In the Tie-COPD trial, tiotropium resulted in a lower frequency of acute exacerbations of COPD than placebo (supplementary table S3). After tiotropium withdrawal, the post-tiotropium treatment group showed no difference in the frequency of acute exacerbations of COPD compared with the post-placebo group (table 4) .
Quality-of-life assessment
In the Tie-COPD trial, tiotropium was more effective than placebo with regard to CAT at months 21 and 24; CCQ at months 9, 18, 21 and 24; and mMRC dyspnoea scale at months 6 and 15 (supplementary tables S4-S6).
At 1 year after tiotropium withdrawal, the mean CAT and CCQ scores were significantly lower in the tiotropium group than placebo group (mean CAT scores 7.8±0.8 versus 10.1±0.8, p=0.0166; mean CCQ scores 9.6±0.9 versus 11.7±0.8, p=0.0342), but no difference was observed in the mean CAT or CCQ scores between the two groups at the second or third year after tiotropium withdrawal (supplementary tables S4 and S5). No difference was observed in the mMRC scores between the two groups during the whole withdrawal period (supplementary table S6 ). there were no significant between-group differences for characteristics at enrolment. The analysis set included patients who underwent both Tie-COPD and post-Tie-COPD follow-up and had at least one available spirometric data measurement after bronchodilator use at Tie-COPD and at least one measurement at post-Tie-COPD follow-up; ¶ : p-values for continuous variables were calculated using t-test or the Wilcoxon rank-sum test, and p-values for categorical variables were calculated using the Chi-squared test; + : defined as an FEV1 value obtained after bronchodilator use that increased by ⩾200 mL and by ⩾12% from the measurement obtained before bronchodilator use; § : the GOLD staging system is used to assess the severity of lung disease. Stages range from 1 to 4, with higher stages indicating more severe disease. Stage 1 (mild disease) is defined as FEV1 ⩾80% of the predicted value, and stage 2 (moderate disease) as FEV1 50-79% pred; ƒ : scores on the CAT range from 0 to 40, with higher scores indicating more severe disease; 
Discussion
This observational follow-up study from the Tie-COPD trial showed that discontinuity of tiotropium in patients with early-stage COPD decreased the differences from patients who had undergone 2 years of regular treatment with tiotropium with respect to spirometry, COPD exacerbations, symptom scores and quality-of-life and dyspnoea scores.
To the best of our knowledge, the present study is the first to assess whether discontinuation of tiotropium alters its beneficial effects on spirometry parameters and COPD exacerbations resulting from 2 years of regular treatment with tiotropium in patients with early-stage COPD.
Bronchodilators alleviate airway limitation mainly by altering airway smooth muscle tone and improving expiratory flow, and are considered to be central to the management of patients with stable COPD [23] [24] . Previous clinical trials have demonstrated that tiotropium reduces acute exacerbations, improves symptoms and quality of life, reduces the use of rescue medicine and lowers mortality in patients with early-stage COPD [8, [25] [26] [27] [28] . These results indicate the substantial efficacy of early intervention with tiotropium in patients with COPD, but can tiotropium be withdrawn after obtaining these beneficial effects? To our knowledge, no previous studies conducted follow-up assessments to explore this question. Moreover, previous studies have revealed worsening of COPD after withdrawal of inhaled treatments, among which inhaled corticosteroids are the most typical, and common adverse effects were worsening of lung function and symptoms and increases in acute exacerbations [29] [30] [31] [32] [33] . Similar results were reported after withdrawal of tiotropium with respect to worsening of the transition dyspnoea index and decreases in the peak expiratory flow rate and health status [18] .
In the present study, the effect of continuous improvement of pulmonary function as indicated by FEV1 can be sustained for ∼1 month after withdrawal of tiotropium. However, no differences were observed in FEV1 and FVC between the two groups during the 1-3 years of withdrawal of tiotropium; a similar result was observed in the annual decline of FEV1 and FVC, suggesting that the continuous improvement of lung function was not maintained after the withdrawal of tiotropium. Additionally, the incidence of acute exacerbations in both groups was comparable after the withdrawal, suggesting that the reduction in acute exacerbations was not sustained after tiotropium withdrawal. Moreover, the improvements in CAT and CCQ scores were sustained for 1 year after tiotropium withdrawal, but these scores became equal between the two groups after 1 year, and no continuous improvement in the mMRC score occurred after tiotropium withdrawal. This indicates that the continuous tiotropium-induced improvement in symptoms and quality of life can last for ⩾1 year.
Our results support prior reports of tiotropium withdrawal. The present study demonstrated an acute and persistent worsening in lung function as indicated by the FEV1, symptom score, quality-of-life score and (FEV1) and forced vital capacity (FVC) before and after bronchodilator use. a) Tiotropium resulted in a significantly higher FEV1 both before and after bronchodilator use than placebo at each visit from month 1 to month 25 (ranges of mean differences 0.10-0.2 L in FEV1 before bronchodilator use and 0.07-0.12 L in FEV1 after bronchodilator use; p<0.001 for all comparisons). b) FVC before bronchodilator use was significantly higher in the tiotropium group than in the placebo group at each visit from month 1 to month 24 (ranges of mean differences 0.10-0.19 L) and there was significant difference of 0.09 L in FVC after bronchodilator use only at month 6 between the two groups ( p<0.05 for all comparisons). However, there was no significant difference in FEV1 and FVC either before or after bronchodilator use between the two groups at each visit of tiotropium withdrawal from 1 to 3 years (ranges of mean differences 0.04-0.08 L in FEV1 both before and after bronchodilator use; 0.03-0.12 L in FVC before bronchodilator use; and 0.02-0.09 L in FVC after bronchodilator use; p>0.05 for all comparisons). Bars indicate ±1 SE. : values were measured from month 36 until the end of the study (follow-up from 36 to 60 months after withdrawing tiotropium in early COPD). Multiple linear regression was adopted for each follow-up. For each follow-up visit, the measured value was the dependent variable, and covariates included the individual baseline value, smoking status across the whole follow-up, bronchiectasis status, treatment allocation and participating centre as covariates; ¶ : the difference was calculated as the value in the tiotropium group minus the value in the placebo group. : values were measured from month 36 until the end of the study (follow-up from 36 to 60 months after withdrawing tiotropium in early COPD). Multiple linear regression was adopted for each follow-up. For each follow-up visit, the measured value was the dependent variable, and covariates included the individual baseline value, baseline smoking status, treatment allocation and participating centre. Additionally, for 36-60 months, the p-value was computed by using the individual baseline value, smoking status across the whole follow-up, bronchiectasis status, treatment allocation and participating centre as covariates; ¶ : the difference was calculated as the value in the placebo group minus the value in the tiotropium group.
acute exacerbation rate over a 1-year period until these parameters were comparable with those in the placebo group. The worsening of lung function, symptoms and health status in patients who withdrew from tiotropium emphasises the need for continuation of maintenance treatment, especially in patients with early-stage COPD.
This study has two main strengths. First, all patients had early-stage COPD. Most of these patients had mild symptoms and rarely used medication, which resulted in a very high proportion of patients with treatment termination after withdrawal. This situation provided a basis for the study of long-term treatment or intermittent treatment of early-stage COPD. Second, both the smoking status and medication use were documented, and patients with a history of using anticholinergic drugs during follow-up were excluded.
A relatively small sample size was one of limitation in this observational study, which was insufficient to detect the difference of the annual decline rate in both FEV1 and FVC between tiotropium and placebo groups before and after discontinuation of tiotropium. Despite this, there was significant difference of the annual decline rate of FEV1 and FVC between groups in a larger sample of the Tie-COPD trial subjects [11] . Another limitation is that not all patients were followed-up for 3 years. The study included 1-, 2-and 3-year follow-ups, but during all these follow-up durations, the differences between the groups after drug withdrawal decreased or even disappeared.
In conclusion, the lung function of the patients who had received regular treatment with tiotropium for 2 years began to decline after tiotropium was withdrawn, indicating that long-term regular medication is needed to maintain continuous improvement in pulmonary function by tiotropium. 
